The tribe Longidorini within the subfamily Longidorinae (Longidorus spp. and Paralongidorus spp.) and the subfamily Xiphineminae (Xiphinema spp.) are two large nematode groups with about 260 and 230 known species, respectively. They are globally two important groups of ectoparasitic nematodes considered to be major pests because of their activity as vectors of important plant nepovirus, with some species included in the list of quarantine pathogenic organisms in many European countries. Knowledge of the biodiversity and occurrence of this nematode group is a prerequisite for the establishment of sound management strategies and control measures. According to data collected from the databases (such as EPPO, FSTA, and Web of Science) and published in specialised literature, a total of 15 Longidorus, 1 Paralongidorus and 40 Xiphinema species have been recorded as present in Portugal. However, the taxonomic status of some species is controversial, and thus needs to be clarified. A comprehensive review for unravelling the biodiversity and occurrence of nematode species of the genus Longidorus, Paralongidorus and Xiphinema in Portugal is herein provided. This review includes an updated checklist of species with information on the localities, host plants and geographical distribution. Additionally, maps on the species distributions of Longidorinae and Xiphineminae nematodes present in Continental Portugal and the Portuguese Macaronesian islands are provided, as well as unpublished data on authors and comments on the current taxonomic status. Finally, new insights and directions for future research on Longidoridae in Portugal are presented.
Introduction
The family Longidoridae Thorne, 1935 , includes the genera Longidorus Micoletzky, 1922 , Paralongidorus Siddiqi, Hooper & Klan, 1963 , and Xiphinema Cobb, 1913 (superfamily Xiphineminae) (Decraemer & Robbins 2007) . These migratory ectoparasitic nematodes, commonly known as longidorid nematodes, are characterized by a large body (length between 1.5-12.0 mm) and a long stylet (length between 80-290 um). They comprise a group of phytopathogenic species that damage a wide range of wild and cultivated plants through direct feeding on root cells and transmission of several plant pathogenic viruses (Taylor & Brown 1997; Decraemer & Robbins 2007; Decraemer & Chaves 2012) . Longidorus, Paralongidorus and Xiphinema are the three largest of the virus vector nematode genera with about 160, 70 and 260 known species, respectively (Decraemer & Chaves 2012; Archidona-Yuste et al. 2016a, b; Esmaeili et al. 2016 ), but only some species (8, 1 and 9, respectively) have been shown to transmit nepoviruses (Taylor & Brown 1997; Decraemer & Robbins 2007; Decraemer & Chaves 2012) . To date only five known virus vector nematodes species from Longidoridae have been reported to be implicated in plant virus transmission in Portugal: Xiphinema index Thorne & Allen, 1950 , X. diversicaudatum (Mico1etzky, 1927 Thorne, 1939 , X. rivesi Dalmasso, 1969 , Longidorus macrosoma Hooper, 1961 , and Paralongidorus maximus (Bütschli, 1874 Siddiqi, 1964 (Bravo & Lemos 1997 Taylor & Brown 1997) (Table S1 ). In addition, some Longidoridae nematode species are included in the list of quarantine organisms of the European and Mediterranean Plant Protection Organization (EPPO) . Xiphinema index is one of the most significant plant parasitic nematodes (Jones et al. 2013) because it is the vector nematode of Grapevine fanleaf virus (GFLV), one of the most destructive viral diseases affecting grapevine (Andret-Link et al. 2004) . Taxonomic studies on both Longidorinea and Xiphineminae nematodes, including identification of species, enable us to catalogue and explain the biodiversity of these groups, which is important because of their implications in the natural ecological processes in the soil as well as pest management and the establishing of phytosanitary measures. Historically, nematologists have relied only on morphological and morphometric characters to identify species within the subfamily Longidorinae and Xiphineminae (Lamberti et al. 2000; Coomans et al. 2001; Decraemer & Chaves 2012) . They are characterized by a greatly conserved morphology, with similar anatomical characteristics and high inter-and intra-specific morphometric variability, making species delimitation a very complex and time-consuming task (Coomans et al. 2001; Decraemer & Chaves 2012) . Also, the large number of anatomical similarities within these taxonomic groups make it difficult to agree on the number of valid species (Lamberti et al. 2000; Coomans et al. 2001; Decraemer & Chaves 2012) . In fact, the use of polytomous keys is recommended for identification at species level (Brown & Halbrendt 1997; Chen et al. 1997; Escuer & Arias 1997; Lamberti et al. 2000) . Despite this, the taxonomy within the genus Longidorus, Paralongidorus and Xiphinema is controversial, with a large number of putative species continuously being the subject of debate (Decraemer & Chaves 2012; Archidona-Yuste et al. 2016a, b; Esmaeili et al. 2016) . Currently, molecular techniques are used as supplementary tools to help in the differentiation at species level (Gutiérrez-Gutiérrez et al. 2012 , 2013a Tzortzakakis et al. 2014; Esmaeili et al. 2016; Handoo et al. 2016 ). An integrative approach based upon the combination of classical morphological taxonomy and molecular barcoding of ribosomal DNA (rDNA) and mitochondrial DNA (mtDNA) genes is a useful strategy for identification at species level within the family Longidoridae. In addition the identification of DNA fragments has the potential of being used as species-specific molecular markers (Gutiérrez-Gutiérrez et al. 2013a, b; Chizhov et al. 2014; Tzortzakakis et al. 2014; Subbotin et al. 2014; Archidona-Yuste et al. 2016a; Lazarova et al. 2016) .
The discovery of the transmission of GFLV by X. index (Hewitt et al. 1958) and subsequent studies in Portugal (Sequeira & Dias 1964 ) stimulated interest on the virus vector nematodes and their associated viruses as well as the interactions within different crops (Brown & Taylor 1987; Bravo & Lemos 1997; Brown & Trudgill 1997; Taylor & Brown 1997) . Therefore, these plant nematode groups have been recorded throughout the last six decades (Table  S1) , starting with the works of Lima (Lima 1962 . Unfortunately, this research area has not been studied during the past fifteen years in Portugal, and lacks updated information on the current biodiversity and distribution patterns of these nematodes. In addition, the taxonomic status of some Longidoridae nematodes reported in Portugal is currently considered to be controversial, with some cases of putative species with dubious identifications and other species currently considered to be synonymous and needing re-evaluation.
To date, in Portugal, most of the taxonomic studies on the Longidorinae and Xiphineminae nematodes has been based on morphological and morphometric analysis (Brown & Taylor 1987; Bravo & Lemos 1997; Taylor & Brown 1997; Peña-Santiago et al. 2006) (Table S1) , and there is little molecular data on longidorid species (He et al. 2005; Molinari et al. 1997 Molinari et al. , 2006 Lazarova et al. 2006; Chizhov et al. 2014) . Most nematode species belonging to the genera Longidorus, Paralongidorus and Xiphinema are often found infesting a wide range of forest and cultivated plants in Portugal (Table S1) ; however, most of them are associated with fruit tree plantations and vineyards (18 Xiphinema spp. and 6 Longidorus spp.) (Table S1 ). In Portugal, the biodiversity of these species was reviewed almost 20 years ago (Bravo & Lemos 1997) . A large number of reports with new records and descriptions of species have been published (Bravo & Roca 1995 Roca & Bravo 1996 Bravo et al. 2001; Gutiérrez-Gutiérrez et al. 2015) , increasing the number of species occurring in Portugal to a total of 56 (Figures 1-5; Table S1 ). An inventory of soil and freshwater nematodes from the Iberian Peninsula was published by Peña-Santiago et al. (2006) and the diversity of nematode species in the Macaronesian region was reviewed in detail by Vieira et al. (2008) and Borges (2010) . Several comparatives studies on the biodiversity and biogeophaphic distribution of species belong to the genus Longidorus, Paralongidorus and Xiphinema in the Mediterranean Basin and Central Europe (Navas et al. 1990 (Navas et al. , 1993 and worldwide (Coomans et al. 2001 ) was reported. In general, the biodiversity of plant nematodes of Longidoridae in the Iberian Peninsula appears to be one of the highest in the world (Taylor & Brown 1997; Coomans et al. 2001; Peña-Santiago et al. 2006; Archidona-Yuste et al. 2016a, b) , although it appears to be higher in Xiphineminae than in Longidorinae (Bravo & Lemos 1997; Peña-Santiago et al. 2006) . Many of them are considered as to be species endemic to the Iberian Peninsula (Table S1 ) and Gutiérrez-Gutiérrez et al. (2011) hypothesized that the Iberian Peninsula could be considered as a possible centre of origin for some Xiphinema species because of the high number of endemic species and their phylogenetic grouping.
The aim of this comprehensive review is to clarify the biodiversity, and taxonomic positions of species belonging to the genera Longidorus, Paralongidorus and Xiphinema from the family Longidoridae present in Portugal. Information from databases, specialised literature and unpublished data of the authors is provided. An updated checklist of species with notes on the taxonomic status and maps of the diversity and the geographical distribution of species in Portugal is presented. Insights and directions for future research on plant nematodes of Longidoridae in Portugal are also presented.
Family Longidoridae in Portugal
Genus Xiphinema Xiphinema species are members of the X. americanum-group To our knowledge, the first reference on Xiphinema spp. occurring in Portugal dates from 1962 (Lima 1962 . Lima studied in depth a complex of Xiphinema species closely related morphologically, which currently comprise the X. americanum-group (Lamberti & Bleve-Zacheo 1979) . Lima (1968) and Tarjan (1969) were the first researchers to argue that X. americanum Cobb, 1913, was not a single species but a species complex containing several species; later this idea of a species complex was strengthened (Lamberti & Bleve-Zacheo 1979) . Currently more than 55 valid species are included within this species complex, with some species transmitting important American nepovirus, one of which is X. americanum sensu stricto (s.s.) (Lamberti et al. 2000; Archidona-Yuste et al. 2016a ). The application of molecular techniques to supplement taxonomic and systematics studies on the genus Xiphinema particularly in the X. americanum group has revealed that within the X. americanum-group some longassumed single species are in fact cryptic (i.e. genetically distinct but morphologically almost indistinguishable) (Barsi & De Luca 2008; Oliveira et al. 2005 Oliveira et al. , 2006 Archidona-Yuste et al. 2016a; Lazarova et al. 2016) . Unfortunately, only a small number of Portuguese populations of this taxonomic group have been molecularly characterized (He et al. 2005; Molinari et al. 1997 Molinari et al. , 2006 Lazarova et al. 2006 ) and, as a result, the taxonomic status of some species of the X. americanum-group reported in Portugal has been contentious. To date a total of 15 Xiphinema species have been reported to occur in Portugal belonging to the X. americanum-group (Figures 1, 4 , 5; Table S1 ), most of them being Iberian endemics. In general, this group is characterized morphologically by a short body length (< 3 mm), V (vulva) localized around or behind the middle of the body, and a female reproductive system with two short equally developed genital branches, with short and simplified uteri without uterine differentiation (Lamberti et al. 2000; Decraemer & Chaves 2012) . Based on hierarchical cluster analysis (HCA) of morphometric data, the Portuguese populations of X. americanum group species are grouped in three subgroups: the X. americanum-subgroup, the X. pachtaicum-subgroup, and the X. pachydermum-subgroup that included X. pachydermum Sturhan, 1983 , and others Portuguese X. americanum-group species closely related to X. pachydermum Lamberti & Ciancio 1993; Coomans et al. 2001) . The taxonomic status and validity of some species of these subgroups described in Portugal has been questioned.
Xiphinema americanum-subgroup species
A large number of populations belonging to species of the X. americanum-subgroup have been reported, including a population from the south-west of Portugal (Setúbal) originally identified firstly as X. americanum, and later proposed as X. brevicolle Lordello & Da Costa, 1961 (Lima 1968 Luc et al. 1998; Lamberti & Bleve-Zacheo 1979) (Figure 1 ). Sturhan (1973) also reported several populations of this same species in the Azores Islands (S. Miguel, Terceira, S. Jorge, and Faial) ( Figure 5 ; Table S1 ). Two species closely related morphologically to X. brevicolle were identified as X. incognitum Bleve-Zacheo, 1979, and X. diffusum Lamberti & Bleve-Zacheo, 1979 , both species being reported from Madeira Island (Bravo 1989; Lamberti et al. 1994) (Table S1 ). Additionally the second species was also reported in a locality of the west-central continental region (Quinta do Hilário, Setúbal) ( Figure 1 ; Table S1 ). However, some authors regard both X. incognitum and X. diffusum to be synonymous with X. brevicolle (Luc et al. 1998; Coomans et al. 2001) . Xiphinema rivesi Dalmasso, 1969, and X. santos Lamberti, Lemos, Agostinelli & D'Addabbo, 1993 have been reported in Portugal (Lamberti et al. , 1994 Bravo & Lemos 1997) (Figures 1, 4, 5;  Table S1 ) and other Mediterranean regions (Lamberti et al. 1996 (Lamberti et al. , 2000 Taylor & Brown 1997; Decraemer & Chaves 2012) ; however, only the first species is widespread (Lamberti et al. 2000 Coomans et al. 2001; Decraemer & Robbins 2007) . Both species belong to the X. americanumsubgroup and appear to be morphologically almost identical, but the Iberian populations of both species are clearly separated phylogenetically using molecular ribosomal markers (Gutiérrez-Gutiérrez et al. 2011; Archidona-Yuste et al. 2016a) . Xiphinema rivesi is a vector of several important nepovirus (Taylor & Brown 1997; Decraemer & Chaves 2012) but in Portugal its presence has never been associated with viral diseases in plants. Xiphinema santos was described the first time by from several populations infesting vineyards localized in the Dão wine region and subsequently reported extensively in the continental region as well as Madeira and Azores (Terceira) islands associated with many species of plants (Figures 1, 4, 5;  Table S1 ). Several Macaronesian populations of X. santos had previously been identified as X. intermedium Lamberti & Bleve-Zacheo, 1979 (Bravo 1983 Bravo & Lemos 1997) . FIGURE 1. Geographic distribution of populations from X. americanum group species in Continental Portugal: (A) Xiphinema brevicolle, X. duriense, X. exile, X. longistilum, X. madeirense, X. mesostilum and X. santos; (B) X. americanum sensu lato (s.l.), X. brevisicum, X. lafoense, X. microstilum, X. pachtaicum, X. pachydermum and X. rivesi. This map may be similar but not identical to other published maps of Portugal designed using the mapping software Cartodb. This map is for illustrative purposes only. diversum, X. gersoni, X. index, X. vuittenezi, X. italiae, X. lusitanicum, X. sphaerocephalum and X. turcicum; (C) X. hispanum, X. hispidum, X. lanceolatum, X. lapidosum, X. lupini, X. pombalense and X. pyrenaicum. This map may be similar but not identical to other published maps of Portugal designed using the mapping software Cartodb. This map is for illustrative purposes only.
Xiphinema pachtaicum-subgroup species
Xiphinema pachtaicum (Tulaganov 1938) Kirjanova, 1951, and X. madeirense Brown, Faria, Lamberti, Halbrendt, Agostinelli & Jones, 1993 , belong to the X. pachtaicum-subgroup and they have been both reported in Portugal (Figures 1, 4, 5;  Table S1 ). Xiphinema pachtaicum is widespread in the Mediterranean region (Brown & Taylor 1987; Bravo & Lemos 1997; Taylor & Brown 1997; Lamberti et al. 2000; Getaneh et al. 2015; Archidona-Yuste et al. 2016a) , whilst the geographical distribution of X. madeirense is restricted to Portugal and Spain (Archidona-Yuste et al. 2016a). Xiphinema pachtaicum was cited in Portugal for the first time by Lima (1962 and since then a large number of authors have reported this species both in the continental region and the overseas territories including the islands of Madeira and Azores (Azores, Pico, Terceira, S. Miguel and S. Jorge) (Figures 1, 4 , 5; Table  S1 ). Xiphinema madeirense was described from specimens collected from the rhizosphere of the "Laurisilva" forest (Laurus nobilis L.) at Queimadas, Santana (Madeira island); however it has also been reported infesting vineyard soils in the North and Central continental regions and in the Azores islands (Figures 1, 4 , 5; Table S1 ).
Xiphinema pachydermum-subgroup species
The X. pachydermum-subgroup is a particular group within the X. americanum-group since it is mainly composed of Spanish and Portuguese species characterized by i) frequent males; ii) females that do not show symbiotic bacteria associated with the ovaries (except in X. mesostilum); and iii) an oviduct clearly separated from the uterus by a well-developed sphincter muscle and longer uteri (Luc et al. 1998; Decraemer & Geraert 2013; Archidona-Yuste et al. 2016a) . Some researchers proposed X. pachydermum-subgroup as a group outside the X. americanumgroup (Coomans et al. 2001; He et al. 2005; Gutiérrez-Gutiérrez et al. 2012a) . A total of nine species belonging to the X. pachydermum-subgroup has been reported in Portugal, included X. brevisicum Lamberti, Bravo, Agostinelli & Lemos, X. duriense Lamberti, Lemos, Agostinelli & d' Addabo, 1993 , X. exile Roca, Lamberti, Santos & Abrantes, 1989 , X. lafoense Roca, Pereira & Lamberti, 1987 , X. longistilum Lamberti, Bravo, Agostinelli & Lemos, 1994 , X. mesostilum Lamberti, Bravo, Agostinelli & Lemos, 1994 , X. microstilum Lamberti, Bravo, Agostinelli & Lemos, 1994 , X. opisthohysterum Siddiqi, 1961 (Figures 1, 4 , 5; Table S1 ). Sturhan reported for the first time X. opisthohysterum and in 1983 described a new species named X. pachydermum, which morphologically resembles X. pachtaicum and was found in soil from a farm at Torre de Moncorvo (province of Trás-os-Montes) (Sturhan 1983; Bravo & Lemos 1997) . Since then X. pachydermum has been reported extensively in the North of Portugal and has also been reported in the Estremadura and Algarve regions (Lamberti et al. , 1994 Bravo & Lemos 1997) (Figure 1 ; Table S1 ). Two new endemic species, X. exile and X. lafoense, were described by Roca et al. (1987 Roca et al. ( , 1989a . Lamberti et al. ( , 1994 established the occurrence of X. americanum-group species in the main grapevine-growing regions of Portugal. Detailed morphometric and morphological studies enabled species discrimination in this group, which is characterized by high morphological similarity and overlapping morphometrics, resulting in the description of five species namely X. brevisicum, X. duriense, X. longistilum, X. mesostilum and X. microstilum. These authors hypothesized that the population described by Sturhan in 1983 as X. opisthohysterum was probably X. duriense because of their similar morphology and different geographical localities. Subsequently, Gutiérrez-Gutiérrez et al. (2012) and Archidona-Yuste et al. (2016a) carried out morphological and molecular studies to establish the species composition of the X. americanum-group in Spain, reporting the presence of both X. opisthohysterum and X. duriense, which were almost identical morphologically but genetically different. Recently, phylogenetic analysis for species delimitation in the X. americanum-group complex developed by Archidona-Yuste et al. (2016a) as part of a polyphasic study based on morphological and molecular data using the D2-D3 region of 28S gene, showed that the Portuguese and Spanish populations of X. brevisicum (GenBank accession number: AY601610, Portugal; KP268966, Spain) clustered together but were clearly separated from other species that are almost identical morphologically belonging to the X. pachydermum subgroup, such as X. duriense (KP268963, Spain), X. opisthohysterum (KP268967, Spain), X. pachydermum (AY601608, Portugal) and X. parapachydermum Gutiérrez-Gutiérrez, Cantalapiedra-Navarrete, Decraemer, Vovlas, Prior, Palomares Rius, & Castillo, 2012 (KP268970, Spain) .
Xiphinema species that are not members of the X. americanum-group
Among the Xiphinema species that do not belong to the X. americanum-group are some major European nepovirus vector nematodes (Decraemer & Robbins 2007) . There is no morphological feature that enables discrimination between non-virus vector and virus vector nematodes inside this group, which is mainly characterized by i) usually large body (length between 1.4-7.3 mm) and odontostyle (length between 100-160 um); ii) from filiform to hemispherical shape tail; iii) a female reproductive system with usually two equally developed genital branches; and iv) usually with long bipartite uteri with a tubular part/pars dilatata uteri to tripartite with uterine differentiation, which is mainly characterized by an outer and internal wall differentiated and sclerotized, respectively, and the presence of some well-developed sclerotized apophyses (the 'Z-organ'), slightly developed outer wall with internal wall weakly sclerotized or absent (the 'pseudo-Z-organ'), and the uterine spines or crystalloid bodies in the uterus sometime agglomerated before the beginning the pars dilatata (Brown & Halbrendt 1997; Coomans et al. 2001; Decraemer & Chaves 2012) . Three of them are recognized as vectors transmitting economically important nepoviruses in Portugal (Brown & Trudgill 1997; Taylor & Brown 1997 , Decraemer & Chaves 2012 (Table S1 ).This group of important phytopathological species has been divided into eight morphospecies groups based on the previously cited characteristics (Brown & Halbrendt 1997; Decraemer & Chaves 2012) . A total of 25 known Xiphinema species, excluding the americanum group, have been reported to occur in Portugal (Figures 2, 4 , 5; Table S1); however, some records of species are considered to be dubious identifications (Table S1 ).
The majority of Xiphinema spp. species are included in the morphospecies groups 5-8 described by Brown & Halbrendt (1997) . Xiphinema species belonging to morphogroup 5, are characterized by two genital branches with uteri containing Z-differentiations plus spines or crystalloid structures and a dorsally convex-conoid tail with digitate terminus resembling the virus vector X. diversicaudatum (X. diversicaudatum-complex), have been recorded widely in Portugal since the first report in 1962 (Lima 1962 Macara 1963; Brown et al.1992; Taylor & Brown 1997) (Table S1 ). Xiphinema diversicaudatum is widespread in temperate region of Europe in cool and humid conditions (Brown & Taylor 1987; Taylor & Brown 1997; Coomans et al. 2001; Decraemer & Chaves 2012) . This longidorid species has been reported from Continental Portugal and from overseas territories of Madeira and Azores islands) Taylor & Brown 1997; Vieira et al. 2008; Borges 2010; Decraemer & Chaves 2012) (Table S1) (Figures 2, 4, 5) . The X. diversicaudatum populations reported in Portuguese territories show a high inter-and intra-morphometric variability (Lampreia & Brown 1992) , in fact the identification of this species was controversial. The first record of a population of X. diversicaudatum was in an apple plantation located in a district of Northern Portugal (Viseu) (Macara 1963; Brown & Taylor 1987; Brown et al.1992; Taylor & Brown 1997) ; however, its identification was later questioned by Pereira (1984) who studied the occurrence of longidorids in strawberry fields in Portugal and reported the presence of a species closely related to X. diversicaudatum but with some biometric and morphological differences. Macara (1994) reported a large list of populations belonging to the X. diversicaudatum complex, but unfortunately did not include any detailed morphometric and morphological characterizations. Results of the D2-D3 region of 28S gene obtained by Gutiérrez-Gutiérrez et al. (2013) during a morphological and molecular phylogenetic study of subfamily Xiphineminae species belonging to the X. diversicaudatum complex suggest that the population of X. diversicaudatum (GenBank accession number: AY601624) from northern Portugal, which was not identified on the basis of detailed morphological and morphometric analysis, was a misidentification and should be considered conspecific with X. coxi europaeum Sturhan, 1984 . Subsequently, the phylogenetic analysis developed by Chizhov et al. (2014) , during a polyphasic study based on morphological and molecular data where several new Central European X. diversicaudatum populations were incorporated, is in agreement with the idea of Gutiérrez-Gutiérrez et al. (2013b) regarding a misidentification of the Portuguese population (GenBank accession number: AY601624) which should be considered as X. coxi europaeum. During the 1980s two new endemic species belonging to the X. diversicaudatum complex were described, Xiphinema lusitanicum Sturhan, 1983 and X. dissimile Roca, Pereira & Lamberti, 1987 (Sturhan 1983 Roca et al. 1987; Roca & Bravo 1997 ). Subsequently, both species were extensively reported in Portuguese vineyards and forest soils (Macara 1994 , Bravo & Lemos 1997 , Roca & Bravo 1997 , Coomans et al. 2001 (Figures 2, 4, 5 ; Table S1 ). Xiphinema coxi Tarjan 1964, was reported for the first time in Portugal infesting the soil of a conifer tree forest in Estarreja (province of Beira Litoral) (Table S1 ). Sturhan (1984) established that X. coxi was in fact a species subcomplex highly similar morphologically to X. diversicaudatum. Unfortunately, these populations of the X. coxi subcomplex have never been reviewed, but both X. pseudocoxi Sturhan, 1984 , and X. coxi europaeum, have later been reported in Portugal (Figure 2 ; Table S1 ) as well as from other localities of the Iberian Peninsula (Arias et al. 1986; Abelleira et al. 1996; Gutiérrez-Gutiérrez et al. 2013b ). Phylogenetic analysis developed by Gutiérrez-Gutiérrez et al. (2013b) clearly separated several Iberian populations of X. coxi europaeum from other Iberian endemic species with highly similar morphology, such as the Portuguese population of X. abrantinum Roca & Pereira, 1991 (GenBank accession number: AY601625) and the Spanish populations of X. belmontense (GenBank accession number: KC567170, KC567171, KC567172). During the 1990s, a large number of records were published with descriptions of new Iberian endemic species belonging to the X. diversicaudatum complex, including X. abrantinum, X. belmontense, X. cadavalense Roca, 1995 and X. gersoni Roca & Bravo, 1993 (Figure 2 ; Table S1 ). These species belong to the X. diversicaudatum complex are considered Iberian endemics (Figure 2 ; Table S1 ) but only X. belmontense, X. cadavalense and X. gersoni have been reported for Spain (Murillo-Navarro et al. 2005; Peña-Santiago et al. 2006; Gutiérrez-Gutiérrez et al. 2013b) . Nematode surveys conducted in the forest nurseries of the Forest Administration in the Northern Portugal by Macara (1994) resulted in the description of a new species, X. amarantum Macara, 1970 , but later it was considered to be a synonym of X. sahelense Dalmasso, 1969 (Figures 2, 4, 5;  Table S1 ). Macara (1970) characterized this species by having two genital branches with uteri containing a pseudo-Z-organ and a conoid tail with distinctly digitate terminus resembling the X. diversicaudatum species complex. Lampreia & Brown (1992) proposed that the populations described by Macara in 1970 should be a synonymy of X. diversicaudatum, since X. sahelense did not show Z-differentiations. However, for the description of X. amarantum, Macara assigned paratype specimens from several populations, possibly mixing several members of the X. diversicaudatum complex species (Table S1 ). Xiphinema hispidum X. lupini Roca & Pereira, 1993 are two Iberian endemic morphospecies in group 5, phylogenetically and morphologically related to the putative virus vector X. italiae (morphospecies group 7) (Gutiérrez-Gutiérrez et al. 2011). They were described originally from the localities of Palmela (province of Estremadura) and Coruche (province of Ribatejo) ( Figure 2 ; Table S1 ) and have later been reported extensively from cultivated and natural environments of the Southern Iberian Peninsula (Peña-Santiago et al. 2006; Gutiérrez-Gutiérrez et al. 2011 , 2013b . The putative GFLV vector nematode X. italiae, one of the most widespread Xiphinema species in the Mediterranean area where it has been associated with many plant species (Brown & Taylor 1987; Taylor & Brown 1997; Coomans et al. 2001; Decraemer & Chaves 2012) , was reported for the first time in the locality of Alpiarça (province of Ribatejo) (Lima 1974) and later found infesting several commercial vineyards in sandy soils in Estremadura, Ribatejo and Douro wine regions (Lima 1974; Bravo & Lemos 1997; Taylor & Brown 1997; Gutiérrez-Gutiérrez et al. 2015) (Figure 2 ; Table S1 ). Currently, this species is not accepted as a vector nematode because GFLV was transmitted by X. italiae under controlled experimental conditions on only one single occasion (Taylor & Brown 1997) , thus not fulfilling the postulate proposed by Trudgill et al. (1983) .
Some species belong to morphogroups 5, 6 and 8 characterized by a dorsally convex-conoid tail with rounded terminus to almost hemispherical, with an inconspicuous terminal bulge resembling X. pyrenaicum (X. pyrenaicum-complex species) were reported in Portugal (Macara 1994; Roca & Bravo 1993b; Bravo & Lamberti et al. 1996; Bravo & Lemos 1997) (Figures 2, 5 ; Table S1 ). Xiphinema turcicum Luc & Dalmasso, 1963 was mentioned for the first time by Bravo (1983) and later reported in association with forest tree species in several locations from the north to the south of the country (Macara 1994) . Some populations identified by Bravo (1983) as X. turcicum, were later considered to be two morphologically closely related species previously described in Spain Gutiérrez-Gutiérrez et al. 2010 ), X. hispanum Lamberti, Castillo, Gomez-Barcina & X. sphaerocephalum Lamberti, Castillo, Gomez-Barcina & , as well as two new Portuguese endemic species X. lanceolatum Roca & Bravo, 1993 and X. lapidosum Roca & Bravo, 1993 (Roca & Bravo 1993b (Figure 2 ; Table S1 ).
The other species described in Portugal belong to morphospecies group 8, characterized by two genital branches without Z-differentiations or spines in the uteri and an usually short convex-conoid tail with a digitate ventral or terminal peg resembling the virus vector nematodes X. index (Luc et al. 1964; Macara et al. 1994; Bravo & Lemos 1997; Taylor & Brown 1997; Gutiérrez-Gutiérrez et al. 2015) (Figures 2, 5 ; Table S1 ). Sequeira & Dias (1964) reported the transmission of GFLV by Portuguese populations of X. index, demonstrating that the virus vector nematodes and their associated viruses were causing severe economic losses in Portugal. At that time, the virus vector nematodes were recognized as a priority subject of study in Portugal. Consequently, a large body of literature reported the occurrence and distribution of the virus vector nematode species during the following thirtyfive years (Figures 2, 5 ; Table S1 ). Xiphinema index is widespread in commercial vineyards in the main grapevinegrowing areas of the Mediterranean climate regions (Taylor & Brown 1997; Coomans et al. 2001; Decraemer & Robbins 2007; Decraemer & Chaves 2012) including the Portuguese vineyards of old grapevine-growing areas (Bravo & Lemos 1997; Gutiérrez-Gutiérrez et al. 2015) (Table S1 ). Bravo (1983) reported the presence of X. index in 16 % of the Portuguese vineyards of the Oeste Region (now known as Lisbon wine region). Recently, Gutiérrez-Gutiérrez et al. (2015) established that X. index is still distributed extensively in vineyards in the same wine area of Portugal with an overall prevalence of 21% (Gutiérrez-Gutiérrez et al. 2015) . The high prevalence of X. index makes this species a severe threat to grapevine production in Portugal since in the Portuguese grapevine-growing regions GFLV has also been detected (Santos 2011) .
Genus Longidorus
Among the Longidorus species are some of the major European nepovirus vector nematodes (Decraemer & Robbins 2007) . There are no morphometric and morphological characteristic that enable to discrimination between non-virus vector and virus vector nematodes in this genus, mainly characterized by a large body (length between 3.0-9.0 mm) and odontostyle (length between 80-160 um), a lip region continuous or offset by depression or expanded anteriorly with a border rounded or flattened, amphidial fovea usually more or less pouch-like between shallowly or distinctly bilobed symmetrical or asymmetrical, and a tail usually short, which varies between hemispheroid and elongate-conical (Chen et al. 1997 ). The first reference on Longidorinae nematodes (Longidorus spp., and Paralongidorus spp.) occurring in Portugal dates from 1962 (Macara 1963) . This population from Dois Portos (province of Estremadura) was not identified at species level at that time, but thirty years later at the same locality, infesting the same crop the species L. vinearum Bravo & Roca, 1995 , was identified (Bravo & Roca 1995 . Two new Longidorus species named L. lusitanicus Macara, 1985 and L. nevesi Macara, 1985 were later described (Macara 1985) . Both species are considered Iberian endemic species with a large distribution among different forest environments (Brown & Taylor 1987; Navas et al. 1990 , Archidona-Yuste et al. 2016b (Figure 3 ; Table S1 ). The occurrence and distribution in Portugal of two species known as L. macrosoma and L. profundorum Hooper, 1966 has been reported (Taylor & Brown 1987; Navas et al. 1990; Bravo & Lemos 1997; Brown & Taylor 1997) (Figure 3 ; Table S1 ). They are phytopathologically important because they are known vectors of Raspberry ringspot virus (RpRSV), and occur in numerous countries in Europe, including the Mediterranean and Iberian countries, although L. macrosoma appears to be more frequent in Central Europe (Navas et al. 1990; Bravo & Lemos 1997; Taylor & Brown 1997; Nombela et al. 1998) . Later, two morphologically near identical species were described from Portugal: L. alvegus Roca, Pereira & Lamberti, 1989 and L. reisi Roca & Bravo, 1993 (Roca et al. 1989b Roca & Bravo 1993 ). These two Longidorus species are considered Iberian endemics (Figure 3 ; Table S1 ) but only L. alvegus has been reported for Spain (Brown & Taylor 1987; Navas et al. 1990; Gutiérrez-Gutiérrez et al. 2011; Archidona-Yuste et al. 2016b ). Roca & Bravo (1996) described a new species named Longidorus crataegi Roca & Bravo, 1996 , from several populations found in the rhizosphere of Crataegus oxycantha L. in the southwest region of Portugal (Brown & Lemos 1997) (Figure 3 ; Table S1 ), and subsequently this species has also been reported from a several Spanish localities (Gutiérrez-Gutiérrez et al. 2012b; Archidona-Yuste et al. 2016b ). This Iberian endemic species is characterized by a lip region almost flattened frontally and rounded laterally, continuous with the rest of the body, distinctly asymmetrically bilobed amphidial fovea-pouch, and tail conoid-rounded resembling the L. vineacola complex species Ye et al. 2003; Archidona-Yuste et al. 2016b) . In Portugal, this species complex includes two species, L. vinearum and L. vineacola Sturhan & Weischer, 1954, which have frequently been found infesting Portuguese vineyards (Bravo & Roca 1995 Bravo & Lemos 1997; Roca & Bravo 1996; Peña-Santiago et al. 2006) (Figure 3 ; Table S1 ). Longidorus vinearum is an Iberian endemic species (Bravo & Roca 1995 Archidona-Yuste et al. 2016b; Gutiérrez-Gutiérrez, unpublished data) , whilst L. vineacola has been extensively reported from the Mediterranean Basin and Central Europe (i.e. Belgium, Bulgaria, England, France, Greece, Germany, Israel, Jordan, Moldavia, Netherlands, Portugal, Scotland and Spain), although also have been reported in some regions of Central Asia (Russian) (Boag & Brown 1987; Navas et al. 1990; Taylor & Brown 1997; Ye et al. 2003; Gutiérrez-Gutiérrez et al. 2012b; Archidona-Yuste et al. 2016b) . Several new records of Longidorus species in the Iberian Peninsula were reported (Bravo & Lemos 1997) (Figure 3 ; Table S1 ) but no morphological and morphometric analyses were made, except in the descriptions of some Longidorus populations (Bravo & Roca 1995 Roca & Bravo 1996) .
Genus Paralongidorus
Lima in1968 recorded for the first time the genus Paralongidorus as occurring in soils of eucalyptus and cypresspine forests and other natural woodlands (Macara 1994) (Table S1 ). Subsequently, this species was collected from soil around roots of seedlings in forest nurseries at several localities (Macara 1982 (Macara , 1994 and identified for the first time in Portugal as Siddiqia maxima (Bütschli, 1874) Khan, Chawla & Saha, 1978 (Macara, 1982 ; it was subsequently transferred to the genus Paralongidorus Sidiqqi, Hopper & Khan, 1963 (=P. maximus (Bütschli, 1874) Siddiqi, 1964) . Paralongidorus maximus is the most common and widespread species of the genus and is a vector of RpRSV (Brown & Taylor 1987; Bravo & Lemos 1997; Taylor & Brown 1997) (Figure 3 ; Table S1 ). This species has been detected in some Mediterranean countries and the Iberian Peninsula (Brown & Taylor 1987; Lamberti et al. 1983 , Taylor & Brown 1997 , Lišková & Brown 2003 ; however, it appears that its geographical distribution is restricted to central European countries where it is commonly found associated with forests and vineyards (Taylor & Brown 1997) . Of the seven valid Paralongidorus species described in Europe, five of them have been reported to be present in Spain (Palomares-Rius et al. 2013) and one of them in Portugal (Bravo & Lemos 1997; Taylor & Brown 1997) .
Conclusions
This review has been undertaken to compile all information available from papers, books and databases, as well as unpublished data of the authors, to include new records and those data that were overlooked, update maps of distribution of species, and clarify the taxonomic position of some species with dubious identifications. Three Xiphinema spp. (X. pombalense Bravo & Lamberti, 1996 , X. cadavalense Bravo & Roca, 1995 , X. silvesi Roca, 1998 and one Longidorus spp. (L. crataegi Roca & Bravo, 1996) are added to update the list of nematodes species from the family Longidoridae in Portugal proposed by Bravo & Lemos in 1997 (Table S1 ), as well as several new records of other previously reported species such as L. vineacola, L. vinearum, X. coxi europaeum, X. italiae, X. lusitanicum, X. pachtaicum, X. pseudocoxi, X. sahelense and X. santos (Bravo & Roca 1995 Roca & Bravo 1996 Bravo et al. 2001; Gutiérrez-Gutiérrez et al. 2015; Bravo, unpublished data; . Gutiérrez-Gutiérrez, unpublished data) . According to the data presented, a total of 56 species have been recorded as present in Portugal; however, in this review we propose that some populations identified as X. coxi, X. diversicaudatum and X. sahelense should be considered as populations with a doubtful identity, requiring further investigation. Longidorid species richness appears to be higher in the Iberian Peninsula (Portugal and Spain) than in the rest of Europe, which could be due to this region possibly being the centre of origin for a large number of longidorid species because of the high number of endemic species. A total of twenty (four Longidorus and sixteen Xiphinema) species are tentatively considered as endemic to Portugal since their current distribution is restricted to Portugal; in addition, thirteen other (five Longidorus and eight Xiphinema) species are regarded as endemic to the Iberian Peninsula. This high biodiversity present in the Portuguese territory confirms the importance of this group of phytopathogenic species in this region. 
